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@ Thin-film semiconductor device. 

@ A thin-film semiconductor device having a 
CMOS inverter comprising a pair of n-type and 
p-type thin-film transistors, wherein the gate 
electrode of at least one of the paired Ihin-film 
transistors comprises a plurality of gate elec- 
trode sections spaced apart along the channel 
length. The channel region of the n-lype thin- 
film transistor Is doped with p-type Impurities. 
This structure serves to reduce the leakage 
cun-ent and maintain high OFF resistance for a 
high source-drain voltage. Further, since a 
good symmetry of characteristics is maintained 
between the n-type and p-type thin-film transis- 
tors that constitute the CMOS inverter, no ap- 
preciable bias Is caused in the output voltage of 
the CMOS Inverter. 



o 

00 

00 
00 




0. 

IIJ 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 488 801 A1 



2 



BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a thin-film semi- 
conductor device, and more particularly to a thin-film 
semiconductor device having a CMOS structure 
which is suitable for driving a llquld-crystai display. 

2. Description of the Prior Art: 

Research and development are been actively 
made in the field of active matrix iiquid-crystal dis- 
plays In which thin-film transistors (TFTs) are made as 
switching devices for driving every liquid crystal pic- 
ture element (pixel). Research is also under way on a 
liquid-crystal display with a built-in driver circuit for 
driving the above-said TFTs. The built-in driver circuit 
is constituted by the TFTs directly fbmied on the iiq- 
uid-crystai display substrate. 

The smallest component in the driver circuit for 
driving the liquid-crystal display is the inverter which 
has a CMOS (Complementary Metal Oxide Semicon- 
ductor) structure constructed with a pair of n-type and 
p-type TFTs. Usually, a TFT having a polysllicon 
semiconductor layer (polysilicon TFT) Is used as the 
above TFT; because polysilicon allows a greater 
mobility of electrons and holes than amorphous sili- 
con does, and the CMOS structure is easier to con- 
struct as the n-type and p-type TFTs can be fonned 
by the same process. The CMOS inverter constructed 
with polysilicon TFTs having such properties, theref- 
ore, offers excellent characteristics in terms of operat- 
ing frequency and power consumption. 

An example of a prior art CMOS inverter is illus- 
trated in Figure 4. A temninai 33 is the input terminal 
of the inverter, and a terminal 34 Is the output terminal 
thereof. The lower level potential (low potential) of 
binary logic is applied to a temninai 31, while the 
higher level potential (high potential) is applied to a 
terminal 32. 

The terminal 31 to which the low potential is 
applied is connected to the source of an n-type TET 
35 via contact holes 39. The drain of the n-type TFT 
35 is connected to the output tenminal 34 of the inver- 
ter via contact holes 40. On the other hand, the termi- 
nal 32 to which the high potential is applied is 
connected to the source of a p-type TFT 36 via contact 
holes 42, and the drain of the p-type TFT 36 is con- 
nected to the output tenminal 34 of the inverter via con- 
tact holes 41 . The input tenminal 33 of the inverter Is 
connected to the respective gate electrodes 37 and 
38 of the TFTs 35 and 36 via contact holes 43. 

The potential at the output terminal 34 of the 
inverter is detennined by the potential difference be- 
tween the temninai 31 and the terminal 32, i.e., the 
source-drain resistance ratio between the TFTs 35 
and 36. That is, when the potential of the Input ternii- 



nai 33 Is at a low level, the n-type TFT 35 is OFF, 
whereas the p-type TFT 36 Is ON, which means that 
the resistance in the p-type TFT 36 Is sufficiently low 
compared with that In the n-type TFT 35. As a result, 

5 the high potential applied at the terminal 32 is output 
at the output temninai 34. Conversely, when the poten- 
tial of the input tenminal 33 is at the high level, the n- 
type TFT 35 Is ON and the p-type TFT 36 ia OFF, thus 
outputting the low potential at the output tenminal 34. 

10 Driving the driver circuit of an active matrix liquid- 
crystal display requires a higher voltage than the volt- 
age (usually 5 Volts) required for driving an ordinary 
LSI circuit For example, when using the normally 
white mode, which Is said to be the best display mode 

15 currently available in terms of display characteristics, 
if it is desired to obtain a contrast ratio of 100 : 1 or 
higher, a voltage of about 7.5 Volts must be applied 
to the liquid crystals. Moreover, since the application 
of a DC voltage over a long period causes degra- 

20 dation in the liquid crystal characteristics, an AC bias 
must be applied to the liquid crystals. 

Therefore, the gate electrode of each TFT (in the 
liquid cr^tal panel) for driving the liquid crystals in 
each pixel must be supplied with a voltage of the mag- 

25 nitude that can retain the stored picture signal for the 
drain potential of -7.5 Volts when the TFT is OFF; on 
the other hand, when the TFT is ON, the drain elec- 
trode of the TFT must be supplied with a voltage such 
that a picture signal of 7.5 Volts can be written. Con- 

30 sidering the threshold voltage variation, etc. among 
the TFTs in the liquid crystal panel, it is required that 
the driver circuit of the active matrix liquid-crystal dis- 
play be operated with the potential difference, Vh, of 
about 20 Volts between the high and low levels. 

35 Generally, as the source-drain voltage of a TFT is 
increased, a current (leakage current) will appear that 
flows between the source and drain of the TFT even 
when a potential to turn off the TFT is applied to the 
gate electrode thereof. 

40 In Figure 5, the solid curve shows the drain cur- 

rent Id as a function of the drain-source voltage Vos 
of the n-type TFT 35 when the gate-source voltage Vg, 
is 0 Volts (putting the n-type TFT 35 in the OFF state). 
Vqs corresponds to the voltage that appears at 

45 the tenminal 34 of the CMOS inverter of Figure 4 when 
0 Volts Is applied to the tenminal 31 . Ip corresponds to 
the leakage cunrent that flows through the channel 
region of the n-type TFT 35 when the n-type TFT 35 
Is in the OFF state. 

50 It can be seen from the characteristic curve 

shown by the solid curve In Figure 5 that in the n-type 
TFT 35 of the prior art inverter, the leakage current (Id) 
increases abruptly when V^g exceeds 15 Volts. This 
tendency is nrrore apparent in n-type TFTs than in p- 

55 type TFTs. 

Shown by the solid curve In Figure 6 Is the trans- 
fer characteristic of the CMOS inverter of Figure 4 
when Vh,= 20 Volts. 
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When the Input voltage V|n is 0 Volts (the n-type 
TFT 35 is OFF), the output voltage Vqut Is lower than 
20 Volts. This Is because, even when Vg, = 0 Voits 
(the n-type TFT 35 Is OFF), the resistance In the n- 
type TFT 35 does not Increase sufficiently due to the s 
Increased Vps, as shown In Figure 4, making the resi- 
stance In the p-type TFT 36 appreciably relative to the 
resistance in the n-type TFT 35. Thus, the effect of 
voltage drop by the resistance in the p-type TFT 
appears appreciably in the output voltage Vqut, caus- io 
ing the output voltage Vqut to drop below 20 Volts 
when ViN = 0 Volts. 

On the other hand, when V|n = 20 Volts, the output 
voltage Vqut is 0 Volts, which is ^e proper output. 
This is due to the difference in characteristics be- is 
tween the n-type and p-type TFTs. 

Furthenriore, the output level of the transfer 
characteristic is generally low. The inverter having the 
improper characteristic shown by the solid curve in 
Figure 6 has such problems as a slower operating 2o 
speed, increased susceptibility to malfunction, etc. 

The prior art thin-film semiconductor device also 
has the following problem. Of TFTs in which the chan- 
nel layer is fonmed from polysilicon, n-type TFTs gen- 
erally have greater driving capabilities than p-type 25 
TFTs. Therefore, when a CMOS inverter as described 
above is constructed with polysilicon TFTs, the inver- 
ter output inverts ata lower V|n region since the n-type 
TFT has a lower resistance. 

Such an unbalanced inverter characteristic is 30 
shown by the solid curve in Figure 6. Since the 
characteristics are not symmetric between the n-type 
TFT and the p-type TFT, the curve representing the 
output voltage Vqut is biased toward the low level side 
with respect to V|n. The presence of such a bias in the 35 
output voltage Vqut can lead to a decrease in the 
inverter operating speed as well as to malfunctioning 
of the inverter. 

The output voltage Vqut of the inverter is deter- 
mined by the potential difference Vhl and the resist- 40 
ance ratio between the n-type and p-type TFTs that 
constitute the inverter. One approach to the conrection 
of the bias in the output voltage Vqut will be by varying 
the channel length and width of the respective TFTs, 
thereby attaining an equal resistance ratio between 45 
the TFTs. For example, to attain an equal resistance 
ratio between the high side (p-type TFT 36) and the 
low skJe (n-type TFT 35) in the above Inverter, it Is 
required that the p-type TFT 36 has a greater channel 
width than that of the n-type TFT 35 or that the n-type 50 
TFT 35 has a longer channel length than that of the 
p-type TFT 36. 

However, such an approach has the problem in 
that It Involves a decrease In the transfer speed of the 
inverter and an Increase of the inverter area. 55 



SUMMARY OF THE INVENTION 

The thin-film semiconductor device of this inven- 
tion, which overcomes the above-discussed and 
numerous other disadvantages and deficiencies of 
the prior art, comprises a substrate; a first semicon- 
ductor layer and a second semiconductor layer for- 
med on said substrate; an n-type thin-film transistor 
Including a first channel region lamed In said first 
semlconducbr layer, a first gate Insulating film formed 
on said first channel region, and a first gate electrode 
fomied on said first gate Insulating film; a p-type thin- 
film transistor including a second channel region for- 
med in said second semiconductor layer, a second 
gats insulating film fomned on said second channel 
region, and a second gate electrode formed on said 
second gate insulating film, at least one of said first 
and second gate electrodes comprising a plurality of 
gats electrode sections spaced apart along the chan- 
nel length direction. 

According to the Invention, a thin-film semicon- 
ductor device is provided, comprising; a substrate; a 
first semiconductor layer and a second semiconduc- 
tor layer formed on said substrate; an n-type thin-film 
transistor including a first channel region fomned in 
said first semiconductor layer, a first source region 
fonmed in said first semiconductor layer, a first drain 
region fomned in said first semiconductor layer, a first 
gate insulating film fomned on said first channel reg- 
ion, and a first gate electrode fonmed on said first gate 
insulating film; a p-type thin-film transistor including a 
second channel region formed in said second semi- 
conductor layer, a second source region formed in 
said first semiconductor layer, a second drain region 
fonmed in said first semiconductor layer, a second 
gate insulating film fomned on said second channel 
region, and a second gate electrode fonmed on said 
second gate insulating film, wherein said second 
drain region is connected to said first drain region, 
said second gate electrode is connected to said first 
gate electrode, and at least one of said first and sec- 
ond gate electrodes comprises a plurality of gate elec- 
trode sections spaced apart along the channel length 
direction. 

In a preferred embodiment, at least one of said 
first and second channel regions under said at least 
one of said gate electrodes having said plurality of 
gate electrode sections, comprises a plurality of chan- 
nel subregions spaced apart along the channel length 
direction, said channel subregions facing the respec- 
tive gate electrode sections. 

According to the Invention, a thin-film semicon- 
ductor device is provided, comprising: a substrate; a 
first semiconductor layer and a second semi-conduc- 
tor layer fonmed on said substrate; an n-type thin-film 
transistor including a first channel region fomned in 
said first semiconductor layer, a first source region 
formed in said first semiconductor layer, a first drain 
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region formed In said first semiconductor layer, a first 
gate Insulating film formed on said first channel reg- 
ion, and a first gate electrode formed on said first gate 
insulating film; a p-type thin-film transistor Including a 
second channel region formed in said second semi- 
conductor layer, a second source region fomned In 
said first semiconductor layer, a second drain region 
fonnried in said first semiconductor layer, a second 
gate Insulating film fonned on said second channel 
region, and a second gate electrode formed on said 
second gate Insulating film, wherein said second 
drain region Is connected to said first drain region, 
said second gate electrode Is connected to said first 
gate electrode, at least one of said first and second 
gate electrodes comprising a plurality of gate elec- 
trode sections spaced apart along the channel length 
direction, and said first channel region is doped with 
p-type Impurities. 

In a prefenred embodiment, at least one of said 
first and second channel regions under said at least 
one of said gate electrodes having said plurality of 
gate electrode sections, comprises a plurality of chan- 
nel subregions spaced apart along the channel length 
direction, said channel subregions facing the respec- 
tive gate electrode sections. 

In a prefenred embodiment, said second source 
and drain regions of said p-type thin-film transistor 
also are doped with p-type impurities. 

In a TFT, the source-drain resistance which is 
created when the OFF voltage is applied to the gate 
electrode is provided primarily by the resistance at the 
p-n junction between the drain and channel regions of 
the TFT. However, when a voltage greater than a cer- 
tain level is applied between the source and drain, a 
large leakage current flows across the p-n junction, 
thus reducing the resistance at the p-n junction. 

In the thin-film transistor of the present invention, 
since the gate electrode and the channel region are 
each divided into subsections spaced apart along the 
channel length, the voltage applied between the 
source and drain is shared among a plurality of junc- 
tions fonned between source and drain. For example, 
when the gate electrode and channel region are each 
divided into two subsections, the voltage applied be- 
tween source and drain is shared between the two p-n 
junctions, each taking part of the applied voltage. In 
this case, since the voltage applied to each junction 
is reduced, the leakage current that flows across the 
junctton decreases, thus preventing the resistance at 
the junction from dropping. As a result, a large OFF 
resistance can be maintained as a whole. 

In TFTs in which the channel layer is formed from 
polysilicon, n-type TFTs generally have greater driv- 
ing capabilities than p-type TFTs. According to the 
present invention, p-type impurities are implanted into 
the channel region of the n-type TFT in order to raise 
the inversion threshold voltage of the n-type TFT, 
thereby bringing down the driving capability of the n- 



type TFT close to that of the p-type TFT. Thus, the 
transistor characteristics are balanced between the n- 
type and p-type TFTs, This contributes to an improve- 
ment in the output characteristics of the CMOS 
5 inverter constructed with a pair of n-typo and p-type 
TFTs. 

Also, a plurality of p-n Junctions are fonned be- 
tween the source and drain by dividing the gate elec- 
trode and channel region into a plurality of 

10 subsections. As a result, when a high voltage is 
applied between source and drain, the voltage 
applied to each p-n junction decreases, thereby sup- 
pressing the generation of leakage current across the 
p-n junction. Therefore, even when a high voltage is 

15 applied, the OFF resistance of the TFT does not dec- 
rease, thus preventing degradation in the output 
characteristics of the CMOS inverter. 

Thus, the invention described herein makes 
possible the objectives of: (1) providing a thin-film 

20 semiconductor device having a CMOS inverter struc- 
ture that provides a good transfer characteristic even 
when the potential difference Vhl is large; and (2) pro- 
viding a thin-film semiconductor device having a 
CMOS inverter structure in which a bias in the output 

25 voltage is eliminated without increasing the device 
area. 

. BRIEF DESCRIPTION OF THE DRAWINGS 

30 This invention may be better understood and its 
numerous objects and advantages will become appa- 
rent to those skilled in the art by reference to the 
accompanying drawings as follows: 

Figure 1 is a plan view of a first embodiment of a 
35 thin-film semiconductor device according to the 
present invention; 

Figure 2 is a cross-sectional view taken along the 
line A-A' in Figure 1; 

Figure 3 is a plan view of a second embodiment 
40 of a thin-film semiconductor device according to 
the present invention; 

Figure 4 is a plan view of a prior art thin-film semi- 
conductor device; 

Figure 5 is a graph showing the Iq-Vqs character- 
's istics (Vgs = 0) of n-type thin-film transistors; 

Figure 6 is a graph showing the transfer charac- 
teristic of the CMOS Inverter of the first embodi- 
ment (indicated by the dotted curve) and that of 
the prior art CMOS inverter (indicated by the solid 
50 curve) at Vhl - 20 Volts; 

Figure 7 is a graph showing the transfer charac- 
teristic of the CMOS inverter of the second embo- 
diment (Indicated by the dotted curve) and that of 
the first embodiment (indicated by the solid 
55 cun/e); 

Figure 8 is a graph showing the characteristic cur- 
ves of an n-type TFT that forms part of the CMOS 
inverter of the second embodiment; 

4 
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Figure 9 Is a graph showing the characteristic cur- 
ves of an n-type TFT that forms part of the first 
embodiment; 

Figure 10 is a graph showing the characteristic 
curves of a p-type TFT with no p-type impurity 
implanted In the channel region; and 
Figure 1 1 is a graph showing the characteristic 
curves of a p-type TFT with p-type Impurities 
implanted In the channel region. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figure 1 shows a thin-film semiconductor device 
<a CMOS inverter) according to the present invention. 
A major difference of this CMOS Inverter from the prior 
art CMOS inverter shown in Figure 4 is that the gate 
electrode 7 of an n-lype TFT 5 of this embodiment is 
split into two sections. The branch sections of the gate 
electrode 7 (gate electrode sections 7a and 7b) are 
spaced apart along the channel length direction. In 
this embodiment, the channel length direction is par- 
allel with the tine A-A' in Figure 1. 

Across-sectional structure cut along the line A-A' 
in Figure 1 is shown in Figure 2. Referring now to Fig- 
ure 2, the structure of the CMOS inverter of this embo- 
diment will be described below in accordance with the 
fabrication process sequence. 

First, using a CVD method, a thin polysiiicon film 
is formed to a thickness of 80 nm over the entire sur- 
face of a transparent insulating substrate 15. The 
transparent insulating substrate 15 is preferably for- 
med from glass, quartz, or other material. The thin 
polysiiicon film will be subsequently processed to 
form a channel region 16, a source region (source 
electrode) 25, a drain region (drain electrode) 26, and 
a region 29 disposed between the channel layers 16, 
thus forming an n-type TFT 5, a channel region 14, a 
source region (source electrode) 28, and a drain reg- 
ion (drain electrode) 27, thus forming a p-type TFT 6. 

Si^ ions are then implanted into this polysiiicon 
film, which becomes amorphous as a result of the 
implantation. The ion implantation is followed by 
annealing in a nitrogen atmosphere, thus fomiing a 
thin polysiiicon film having crystal grains of large 
diameter. As the substrate, a semiconductor sub- 
strate with an Insulating film formed thereon may be 
used Instead of the above-mentioned transparent 
Insulating substrate. 

Next, using conventional photolithography and 
etching techniques, the thin polysiiicon film is patter- 
ned into rectangular thin polysiiicon films 50 and 60 as 
shown in Figure 1. The channel widths of the n-type 
TFT 5 and the p-type TFT 6 are detemiined In con- 
sideration of the driving capabilities required for the 
CMOS Inverter. In this embodiment, the channel width 
Is 20 nm in either TFT. 

Thereafter, an oxide film 17 which serves as the 



gate insulating film Is fomied by CVD to a thicltness 
of 100 nm. The oxide film 17 may be deposited by 
sputtering or may be grown by thermally oxidizing the 
upper surfaces of the thin polysiiicon films 50 and 60. 

5 On top of the oxide film 17, a thin polysiiicon film 

Is deposited by CVD, and this polysiiicon film is then 
doped with Impurities (dopants) by diffusion, thereby 
reducing the resistivity of the polyslilconfilm. The dop- 
ing may be prefomned by ion implantation instead of 

10 diffusion. In this embodiment, the thin polysiiicon film 
Is fomned to a thicl<ness of 450 nm. 

By patteming this polysiiicon film, the gate elec- 
trodes 7 and 8 of the respective TFTs 5 and 6 are for- 
med. The gate electrode 7 of the n-type TFT 5 Is 

15 patterned into two electrode sections 7a and 7b 
spaced apart along the channel length direction. The 
width of each gate electrode section 7a, 7b (i.e. the 
dimension measured along the channel length direc- 
tion) is 4 nm (totaling 8 ^m). The gate electrode width 

20 of the p-type TFT 6 is 8 nm. 

The gate electrode 7 which extends from an input 
terminal 3 branches as it extends (as shown in Figure 
1) so that a voltage of the same magnitude can be 
applied to both the gate electrode sections 7a and 7b 
, 25 of the n-type TFT 5. However, the gate electrode 7 
does not necessarily have to be fomned in a fork-like 
shape with separate ends, but the ends of the gate 
electrode sections 7a and 7b may be connected to 
each other outside the channel region. Also, the gate 

30 electrode 7 may consist of two completely separate 
gate electrode sections 7a and 7b with an electrical 
Interconnection provided by aluminum or other ma- 
terial deposited above them through an insulating 
film. 

35 Next, n-type impurities are ion-implanted into the 

source region 25, drain region 26, and the region 29 
surrounded by two gate electrode sections 7a and 7b 
of the n-type TFT 5. The ion implantation is performed 
using the gate electrode sections 7a and 7b as an 

40 implantation mask. As a result of the ion implantation, 
the channel region 16 of the n-type TFT 5 is divided 
into two channel subregions 16a and 16b spaced 
apart along the channel length direction. Since the 
region 29 has been fonmed in self-alignment with the 

45 gate electrode sections 7a and 7b in the same manner 
as the fonnation of the source region 25 and the drain 
region 26, the channel subregions 16a and 16b are 
placed to face the gate electrode sections 7a and 7b 
respectively, across the gate insulating film 17. 

50 The thus formed region 29 is of the same conduc- 

tivity type as the source region 25 and the drain region 
26. On the other hand, since the channel subregions 
1 6a and 1 6b are not doped with the n-type impurities, 
p-n junctions are fonned between the region 29 and 

55 the channel subregions 16a, 16b In the off state of the 
transistor. 

Next, in the thin polysiiicon film 60, the, source 
region 28 and the drain region 27 of the p-type TFT 6 



5 



9 



EP0 488 801 A1 



10 



are doped with p-type Impurities by Ion Implantation 
with the gate electrode B as an Implantation mask. 

A resist that covers the area where the p-type TFT 
6 Isfomied is used as an Implantation mask when per- 
forming ion impiantatlon to fonm the source and drain 
of the n-type TFT 5, and a resist that covers the area 
where the n-type TFT 5 is fonmed is used as an ion 
implantation mask when perfonning ion implantation 
to form the source and drain of the p-type TFT 6. A sili- 
con oxide film or a silicon nitride film is deposited by 
CVD to a thickness of 700 nm over the entire surface 
of the substrate, thus fonmlng an insulating layer 20. 

Next, contact holes 9, 10, 11, 12 and 13 are 
opened at the positions shown in Figure 1. As shown 
in Figure 2, the contact holes 9, 1 0, 1 1 , and 1 2 are for- 
med penetrating both the insulating layer 20 and the 
gate insulating film 17 and reaching the respective 
gate electrodes 7 and 8. On the other hand, the con- 
tact holes 13 for the input tenninai are formed penet- 
rating the Insulating layer 20. 

After that, a low potential supply tenminal 1 , a high 
potential supply tenninai 2. the input terminal 3, and 
an output tenminal 4 are fomned using a low-resistivity 
metal film formed from aluminum or other material. 
The terminal 1 is connected to the source region 25 
of the n-type TFT 5 via the contact holes 9. The ter- 
minal 2 is connected to the source region 28 of the p- 
type TFT 6 via the contact holes 1 2, while the temninal 
3 is connected to the respective gate electrodes 7 and 
8 of the n-type and p-type TFTs 5 and 6 via the contact 
holes 13. The temninal 4 is connected to the respec- 
tive drain regions 26 and 27 of the n-type and p-type 
TFTs via the contact holes 10 and 11, respectively. 

The OFF leakage cunrent measured on the n-type 
TFT 5 of the CMOS Inverter is shown by the dotted 
curve in Figure 5. 

With the prior art n-type TFT 35 (indicated by the 
solid curve), the leakage current abruptly increases 
when Vqs exceeds 15 Volts, the current increasing up 
to about 10 mA (10-< ampere) at Vos - 20 Volts. By 
contrast, with the n-type TFT 5 of the inverter of the 
present embodiment, the leakage cunrent is kept at a 
sufficiently low level, even at Vos = 20 Volts. This is 
because, in the present embodiment, Vqs is shared 
between the two p-n junctions and therefore the junc- 
tion leakage current Is reduced, thus preventing the 
OFF resistance of the TFT as a whole from dropping. 

The dotted curve In Figure 6 shows the transfer 
characteristic when Vhl = 20 Volts. With the prior art 
Inverter shown in Figure 4, the output voltage Voutfor 
V|N = C Volts is lower than 20 Volts (as indicated by 
the solid curve). By contrast, with the Inverter of the 
present embodiment, the output voltage shows the 
con-ect value of 20 Volts, exhibiting the proper Inverter 
characteristic. This is because, in this embodiment, 
the leakage current that flows in the n-type TFT 5 at 
Vpg = 20 Volts Is low and the OFF resistance is suffi- 
ciently high. 



Figure 3 shows another thin-film semiconductor 
device of the present Invention. A major difference of 
this embodiment from the CMOS inverter shown in 
Figure 1 1s that, in this embodiment, p-type impurities 

5 are Implanted into the channel region of the n-type 
TFT 5. The cross-sectional structure cut along the line 
B-B' In Figure 3 is Identical to that of the first embodi- 
ment shown In Figure 2. 

The fabrication process for this embodiment will 

10 now be described. The CMOS Inverter of this embo- 
diment is fabricated by using the same processing 
steps as employed for the first embodiment up to the 
step in which the rectangular thin polysilicon films 50 
and 60 shown in Figure 3 are formed by patterning. 

15 After the thin polysilicon film is patterned into the 
thin polysilicon films 50 and 60, a photoresist is 
applied and the photoresist is exposed and developed 
into a pattern having an opening only exposing a reg- 
ion 14 encircled by the dotted line in Figure 3. 

20 Thereafter, p-type impurities such as boron ions 
are ion-implanted only into the region 14 of the thin 
polysilicon film. The dose is controlled to within 5 x 
1012 Qrrrs By varying the dose, the threshold voltage 
of the n-type TFT 5 can be adjusted to the desired 

25 value. A minimum dose of 1 x 10" cnr^ will be 
required If it is desired to control the threshold voltage. 

After removing the photoresist, an oxide film 17 
which serves as the gate Insulating film is formed by 
CVD to a thickness of 100 nm. The subsequent pro- 

30 cessing steps are the same as those for the first 
embodiment 

The characteristics of the n-type TFT 5 in which 
the p-type impurities are implanted into the channel 
region are shown in Figure 8, and the characteristics 

35 of an n-type TFT 35 in which the p-type impurities are 
not implanted into the channel region shown in Figure 

4 are indicated in Figure 9. Figure 10 shows the 
characteristic curves of a p-type TFT with no p-type 
impurity implant in the channel region. Figure 11 

40 shows the characteristic curves of a p-type TFT with 
the p-type impurities implanted in the channel region. 

The comparison of the characteristic curves be- 
tween Figures 8 and 9 show that the resistance is high 
and the drain current (b) is low in the n-type TFT 5 in 

45 which the p-type Impurities are implanted into the 
channel region as compared with the TFT in which the 
p-type impurities are not implanted into the channel 
region. This is because the n-type TFT 5 has a higher 
Inversion threshold voltage as a result of the implan- 

50 tation of the p-type impurities Into the channel region. 
When the characteristics of the above n-type 
TFTs are compared with the characteristics of the p- 
type TFTs 6 and 36 respectively, shown in Figures 10 
and 1 1, It can be seen that an excellent symmetry of 

55 characteristics is maintained between the n-type TFT 

5 and the p-type TFT 6 of this emliodiment. 

In Figure 7, the transfer characteristic of the 
CMOS Inverter of this embodiment for V^l = 20 Volts 
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is [ndlcated by the dotted curve. By comparison with 
the transfer characteristic of the CIVIOS Inverter (Indi- 
cated by the solid curve) In which the p-type impurities 
are not implanted Into the channel region of the n-type 
TFT. it can be seen that the symmetry between the 
high and low sides Is Improved. 

In the above embodiment, ion implantation for 
controlling the threshold voltage is made only Into the 
channel region in the n-type TFT 5, but not into the 
channel region in the p-type TFT 6. However, it will be 
appreciated that Impurities may be Implanted simul- 
taneously Into the channel regions of the TFTs 5 and 
6 to form a doped region In the TFT 6 as wetl as In the 
TFT 5, No great difference is noted between the 
characteristics of the p-type TFT 6 shown in Figure 1 1 
and the characteristics shown in Figure 10 (with no 
Impurity implantation Into the channel region), which 
shows that the Implantation into the channel region of 
the p-type TFT 6 causes very little effects on the tran- 
sistor characteristics. This process has the advantage 
of eliminating the step of fonming a photoresist having 
an opening over the region 14. 

In the above embodiments, the pair of n-type and 
p-type TFTs 5 and 6 that constitute the CMOS Inverter 
are provided with the same channel width (20 i^m), but 
if the characteristics are not symmetrical between the 
n-type and p-type TFTs 5 and 6, it is possible to 
balance the driving capabilities between the TFTs by 
altering the channel widths thereof. Also, in the above 
embodiments, the n-type and p-type TFTs 5 and 6 are 
both provided with the same channel length (8 ^m), 
but this also can be changed. Thus, by individually 
setting the channel length and channel width to suit- 
able values for each of the n-type and p-type TFTs 5 
and 6, it is possible to further improve the inverter 
characteristics. 

Furthemiore, in the above embodiments, the gate 
electrode 7 of the n-type TFT 5 is split into two gate 
electrode sections 7a and 7b, but it may be split into 
three or more gate electrode sections, in this case, the 
source-drain voltage is shared among more junctions 
than in the above embodiments. This serves to further 
improve the source-drain dielectric strength, realizing 
a CMOS inverter that can operate property with an 
even higher voltage. 

In the above embodiments, of the pair of TFTs 
constituting the CMOS inverter, the gate electrode 7 
of the n-type TFT 5 only is split Into subsections, but 
it will be appreciated that the gate electrode 8 of the 
p-type TFT 6 may also be split Into subsections, in this 
case, the source-drain dielectric characteristic is 
Improved also In the p-type TFT 6, providing further 
improved inverter characteristics. 

Also, the TFTs may be so structured that the gate 
electrodes 7 and 8 are formed under the thin polysili- 
con film 50 and 60 (on the substrate side). In this case, 
however, the source regions 25, 28, the drain regions 
26, 27, etc. cannot be formed in self-aligning fashion. 



therefore, a masit pattern must be formed In order to 
fomi these regions. 

As described above, the thin-film semiconductor 
device of the present invention comprises thln-ftlm 

5 transistors capable of reducing the lealcage current 
and maintaining a high resistance in the "off' state for 
a high source-drain voltage. This serves to provide 
the inverter function free from malfunctioning and 
having excellent transfer characteristics. 

10 Accordingly, the thin-film semiconductor device 

of the present invention is suitable for a driver circuit 
to which a comparatively high voltage is applied, par- 
tlculariy for a driver circuit for an active matrbc liquid 
crystal display. 

15 Further, according to the thin-film semiconductor 

device of the present invention, a good symmetry of 
characteristics is obtained between the n-type and p- 
type thin-film transistors that constitute the CMOS 
inverter. As a result, no appreciable bias is caused in 

20 the output voltage of the CMOS inverter, which serves 
to prevent the thin-film semiconductor device from 
malfunctioning. Furthermore, since this advantage is 
provided without increasing either the channel length 
or channel width of the thin-film transistors, there is no 

25 need to increase the device area, nor does it involve 
a decrease in the b-ansfer speed. 

It is understood that various other modifications 
will be apparent to and can be readily made by those 
skilled in the art without departing from the scope and 

30 spirit of this invention. Accordingly, it is not intended 
that the scope of the claims appended hereto be 
limited to the description as set forth herein, but rather 
that the claims be construed as encompassing all the 
features of patentable novelty that reside in the pre- 
ss sent invention, including all features that would be 
treated as equivalents thereof by those skilled in the 
art to which this invention pertains. 

There are described above novel features which 
the skilled man will appreciate give rise to advan- 

40 tages. These are each independent aspects of the 
invention to be covered by the present application, 
irrespective of whether or not they are included within 
the scope of the following claims. 

45 

Claims 

1. A thin-film semiconductor device comprising: 
a substrate; 

50 a first semiconductor layer and a second 

semiconductor layer fomied on said substrate; 

an n-type thin-film transistor including a 
first channel region formed in said first semicon- 
ductor layer, a first gate Insulating film formed on 
55 said first channel region, and a flrstgate electrode 
formed on said first gate insulating film; 

a p-type thin-film transistor Including a sec- 
ond channel region formed in said second seml- 
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conductor layer, a second gate insulating film for- 
med on said second channel region, and a sec- 
ond gate electrode fonned on said second gate 
insulating film. 

at least one of said first and second gate 5 
electrodes comprising a plurality of gate elec- 
trode sections spaced apart along the channel 
length direction. 

2. A thin-film semiconductor device comprising: io 

a substrate; 

a first semiconductor layer and a second 
semiconductor layer fomned on said substrate; 

an n-type thin-flm transistor Including a 
first channel region formed in said first semicon- is 
ductor layer, a first source region formed in said 
first semiconductor layer, a first drain region for- 
med in said first semiconductor layer, a first gate 
insulating film formed on said first channel region, 
and a first gate electrode formed on said first gate 20 
insulating film; 

a p-typs thin-film transistor including a sec- 
ond channel region formed in said second semi- 
conductor layer, a second source region formed 
in said first semiconductor layer, a second drain 25 
region fonmed in said first semiconductor layer, a 
second gate insulating film formed on said sec- 
ond channel region, and a second gate electrode 
formed on said second gate insulating film, 

wherein said second drain region is con- 30 
nected to said first drain region, said second gate 
electrode is connected to said first gate electrode, 
and at least one of said first and second gate elec- 
trodes comprises a plurality of gate electrode sec- 
tions spaced apart along the channel length 35 
direction. 

3. A thin-film semiconductor device according to 
daim 1 or 2, wherein at least one of said first and 
second channel regions undersaid at leastone of 40 
said gate electrodes having said plurality of gate 
electrode sections comprises a plurality of chan- 
nel subregions spaced apart along the channel 
length direction, said channel subregions facing 

the respective gate electrode sections. 45 

4. A thin-film semiconductor device comprising: 

a substrate; 

a first semiconductor layer and a second 
semiconductor layer fonned on said substrate; so 

an n-type thin-film transistor Including a 
first channel region formed in said first semicon- 
ductor layer, a first source region fomied in said 
first semiconductor layer, a first drain region for- 
med in said first semiconductor layer, a first gate 55 
Insulating film formed on said first channel region, 
and a first gate electrode formed on said first gate 
insulating film; 



a p-type thin-film transistor including a sec- 
ond channel region formed in said second semi- 
conductor layer, a second source region formed 
in said first semiconductor layer, a second drain 
region formed in said first semiconductor layer, a 
second gate Insulating film formed on said sec- 
ond channel region, and a second gate electrode 
fomned on said second gate insulating film, 

wherein said second drain region is con- 
nected to said first drain region, said second gate 
electrode is connected to said first gate electrode, 
at least one of said first and second gate elec- 
trodes comprising a plurality of gate electrode 
sections spaced apart along the channel length 
direction, and said first channel region is doped 
with p-type impurities. 

5. A thin-film semiconductor device according to 
claim 4, wherein at least one of said first and sec- 
ond channel regions under said at least one of 
said gate electrode having said plurality of gate 
electrode sections comprises a plurality of chan- 
nel subregions spaced apart along the channel 
length direction, said channel subregions facing 
the respective gate electrode sections. 

6. A thin-film semiconductor device according to 
claim 4 or 5, wherein said second channel region 
of said p-type thin-film transistor also is doped 
with p-type impurities. 

7. A semiconductor device comprising a thin-film 
transistor, characterised in that a gate electiode 
of the transistor comprises at least two gate elec- 
trode sections spaced apart along the channel 
length direction of the transistor. 

8. A semiconductor device according to daim 7, 
wherein said fransistor indudes: 

a substrate; 

a semiconductor layer; 

a channel regbn fonmed in said semicon- 
ductor layer; and 

a gate insulating film formed on said chan- 
nel region, said gate electrode being formed on 
said gate insulating film. 

9. A semiconductor device according to daim 7, 
wherein said branslstor includes: 

a substrate, said gate electrode being for- 
med on said substrate; 

a gate insulating film fonmed on said sub- 
strate and covering said gate electrode; 

a semiconductor layer formed on said gate 
insulating film; and 

a channel region fonmed in said semicon- 
ductor layer. 
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10. A semiconductor device according to claim 8 or 
daim 9, comprising a second thin-film transistor 
fonmed on said substrate, one transistor being n- 
type arid the other transistor being p-type, the 
device having an output connected to the drain s 
electrodes of the two transistors and an input con- 
nected to the gate electrodes of the two transis- 
tors. 

11. A semiconductor device according to daim 10, io 
wherein the first transistor Is n-type. 

12. A semiconductor device according to claim 10 or 
daim 1 1 , wherein the drain-source resistances of 

the two transistors in their off states are substan- 15 
tially matched. 

13. A semiconductor device according to any one of 
daims 10 to 12, wherein said transistors are suit- 
able for use with a drain-source voltage of 20 20 
volts. 
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